1. Biseptal leading. In the section box two septa of 1 mm. thick each were placed 10 mm, apart from each other. One impulse causes two potential deflections occurring-at the two septa; the time interval between the two deflections is the time spent for conduction of impulse along 10 mm. of muscle fibers:
For recording the two deflections on the same film, two images of Braun tubes were thrown on a screen of Canon camera by means of four mirrors.
The connection between electrodes and the input terminal of the amplifier is shown in fig. 1 . The muscle was always brought to a fibrillary state (BFT) with Biedermann's fluid in pool 1.
FIG. 1. Two simultaneous recordings by biseptal and monoseptal leadings (A and B) and a triseptal recording (C).
Impulses start at pool 1 in cases of A and B, and pool 4 in C.
The action potentials led from pools 1 and 3, and those from pools 1 and 2 are shown in fig. 1 A. The former are double diphasic and the latter single diphasic, which coincided with the preceeding diphasic potential of the former.
In the arrangement of fig. 1 B, the potentials derived from pools 2 and 3 correspond to the second deflection of the potentials led from pools 1 and 3. In all curves, the coincidence of time is found at the spike summit and not at the spike basis.
Conduction time at various distances of septa.
In the section box provided with two septa, the distance of the septa was changed by two mm. each in the range of 2-22 mm. All the distances indicate distances from the center of one septum to that of the other.
Three kinds of time intervals (tI-II, ti-III, tI-IV) between four spike summits (cf. fic. 2 C) of the double diphasic potential are described in each from 1 to 6 mm. These septa were placed 10 mm. apart from each other; for instance, in the case of two septa 3 mm. thick the net distance of pool 2 was 7 mm.
The conduction velocity calculated under these conditions is shown in table 2. The conduction time (tI-III) was measured for all the septa.
As to the wave shape, the action potentials recorded with septa of 1 mm., 2 mm. and 3 mm. in thickness did not differ from those of the previous experiment, but in those with septa of 4 mm., 5 mm. and 6 mm. in thickness, two little two septa of 1 mm. in thickness were placed 10 mm. apart from each other. Positions of the septa were classified into 5 grades; the septa were lifted about 2 mm. from the muscle surface in PI, about 1 mm. above in PII, and the septum touched closely the muscle surface in PIII.
PIV represented the usual state, where moderate pressure was applied, and PV with maximal pressure at the septa, but not large enough to brock the impulses.
The result was that tI-II, the time of passage under the septum, was prolonged according to the enhancement of the pressure. However, ti-III, the conduction time between SI and Sill, was fairly constant, excepting in the case of PV. 5. The number of septa and conduction velocity at different portions of muscle. Hitherto the action potentials were led from the two end pools across the two septa.
However, in this case, the action potentials were led across three or four septa.
The led action potentials were tripled or quadrupled diphasic, just as if one or two more diphasic ones were added to double diphasic ones crossing two septa ( fig. 1 C) .
The amplitude of these polyphasic action potentials was not affected by the addition of more septa, but each potential was determined by the pressure applied with each septum.
In these polyphasic action potentials, the conduction time was measured in respect to till-V, tV-VII as well as to and the values were not found to coincide with each other, as expected.
This may be due to inequality of velocities at different regions of the muscle. Now, two septa of 1mm. each in thickness were placed 8mm. apart from each other.
The conduction time of BFT was measured at three portions of the sartorius muscle including both ends.
Here the data obtained in autumn are shown. Seasonal variation will be described in another section. 3 . Influence of prolongation of muscle. The proximal tendon of the sartorius muscle was fixed, and a string fastened to the distal tendon was connected to a balance dish through a pulley. The mean length of the muscle did not vary during BFT, because the movement of BFT was not obtained even under minimum extension.
This experiment was carried out through 10 grades 5-50g. For about 1min. after a tension was given, the muscle was lengthened; and thence, the conduction velocity was measured at its middle part. The result was that the conduction time for the septal distance remained unchanged, despite that the distance between the two points of the muscle was increased as shown in table 6. Methods for measuring conduction velocity of muscles can be classified into three as follows.
I) Recording electrodes are placed on the tissue at a certain distance away from the stimulating electrodes, and the latency of a recorded spike is made available for measurement.
II) If two pairs of recording electrodes are placed on the muscle and are led to a common amplifier through a suitable resistance network to prevent interaction between the two pairs, one has a very suitable system for measuring the velocity of muscle impulse originating outside the two pairs.
III) A time interval between both peaks of a diphasic action potential is measured against a certain distance of the recording electrodes. Regarding the first method, one must take account of the latency, and the spike should originate immediately under the cathode; but a recent work by Rushton and Rashbass (11) on the sciatic nerve of the frog has suggested that the spike originates some 3mm. away from the cathode.
The second method seems to be more ideal, but it has not yet been used because the muscles used by us are short in length.
As to the third method, correct data can not be expected because of the interaction between the spikes led from both electrodes-I herein propose a new method for measuring the conduction velocity of muscle;
namely to measure the time interval between two corresponding summits of action potentials derived from two septa at the moment of their passage. Although rise or fall in points of action potentials were taken as marks, these measurements could afford no advantage on account of greater variance. In this method an important question arises whether the septa interfere with the conduction of impulses or not. Therefore, in this experiment, this problem was especially considered.
2. Normal conduction velocity of toad's sartorius muscle. In experiment I, 7, the conduction rate of twitching in toad's sartorius muscle elicited by a single induction shock, was found to be 1.95 m/sec. on an average , and did not differso widely from data shown in table 7. To refer to conduction velocity in a cold blooded animal such as the toad, the seasonal variation must be taken into account as well as individual variation and that due to the environmental temperature.
Next, a notable fact was found out in experiment I, 5, that the conduction velocity varied at different portions, that is, at the middle region it was fastest, and slower near both ends.
It may be explained from the view that the conduction rate varied with the diameter of muscle fibre, as in the axones. Ac cording to Eccles and O'connor (10) there was found no tendency to slowing of conduction rate at the taper ends of muscle fibres.
However, Jarcho et al. (13) investigated the spread of excitation in skeletal muscles by means of an electromyogram, and found that decreased amplitude, increased breadth, and secondary peaking of the action potential were most striking at the ends of the muscle where temporal dispersion must be greatest.
3. Conduction velocity of BFT and its variation.
The conduction velocity of BFT is about 3 m/sec. in the summer, and about 1.3 m/sec. in the winter. This does not differ from that of normal twitching elicited by a single induction shock.
I observed also the influence of temperature on the conduction velocity, and it was found that in muscle fibres, as in axones, the conduction rate varies linearly with temperature.
But more interesting is the fact that the increasein gradient of conduction velocity against temperature is always constant at all seasons, in spite of fairly large seasonal variations.
With respect to the conduction velocity during prolongation, Wilska and Varjoranta (15), using the transversus abdominis of the frog, observed that a 50% increase in muscle length brought about a 10% increase in conduction velocity. On the contrary, Natori (16) observed a decrease in conduction velocity during prolongation of muscle. But Hoffmann (4) found the conduction velocity in curarized frog's sartorius to be independent of change in length, and this result was confirmed by Martin (9) and accounted for on the basis of a 'folded membrane' hypothesis by Hodgkin (14) . In their methods, there are some doubtful or weak points, for instance, the site of origin of impulse elicited by electrical stimulations and the vibration of electrodes during muscle contraction. The result reported here, which is indisputable in these respects, was that 
